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Alxtract

A pion linear acmlemtor (PILAC) is being designed as a
ncw cxpcrimcntal facility for t.hc Los Alarnos Meson Physics
Facilily (LAMPF). ‘flm design goal is a flux of 10’ pions pa
second al an energy of 920 McV into a spectrometer having a
resolution of 200kcV. To meet this de.si~rr goal the system
will have to accept a large phase space of particles which, in
turn, implies that highwarh aberrations will be significant
and have 10 be corrcetcd. The computer program MOTER is
being used to investigate the size of the aberrations and lhcir
cffca on the re-solutia of the system. To m~ this challenge
a numb of improvements were made to MOTER. This papr
describes lhose ;mprovcmcnts, shows how MOTER can be
W to design Usc high resolution channel and indicates tie
direction that future developmcnfs of this progrum will take.

?. mODUmON

The proposed PILAC fac;lity involves a target for zero-
degrca pion production from protons, an injection bc.amline to
transport the pions to a superconducting pion linear aecelcrmoi
that will raise the energy of the pions from 0,38 to 0.92 McV,
a high-resolution diqwrwd bcamlino and associaml spwfro-
met.cr. A second &amlino following the Iinae and feeding a
medium resolution qrcctromctm is fxul of the proposal.

The suucss of the PILAC project depends upon rfclivcring
10° pionskwe to the. spectrometer. That large a flux can only
bc achieved by trmqmrting a large phase space of particles
Ihrough the system, To do that and slill meet the 200 kcV
resolution rquircmcnt means Ihnt higher-order aberrations in
!hc system will havo to lx cor~ectcd, MC)TER is the only
tanspcrrt design code that can optimize a systcm to fifth ordsr
Jsing rays traced through Ihc system, All o[hcr codes make n-
,h order matrix approximations aml overlook dcmils of the
“rinflc fields which arc the crux of the problem.

11. HISTORYOFMOTER

MOIW is not a ncw code, II is nkmt 10 cn[cr i[s dlird
lecadc. hnving been dcvclopcd in lhc cssrly 1970’s by Arch
rhicsscn and Morris Klein m suppor[ Ihc dcsigrr of IWO
pedromclcrs m dIc LOS Akunos MCSOII Physics Fucilily -.
IRS, lhc tligh Rcsolu[inn Spcclromclcr nnd 1;1’1{!S, Ihc
lncr~clic I]ion Chonncl and Spcclromctcr. Sillcc ils dchul in
972[ 1], M()’I.I{R hns hccn USC(1by oihcr ~roups in this
olll~~ i l{’ (’f::;igo u vnricly 0( spcr(r[mmlcrs.

~Wi;Ik ~IIIIIM)II,Il 1~) l.nt)ornlt~ry I)irerir(l Krsrutvh mId
),$vt~lopnlrlll 11111!! II( III I.1)1 AI UIIIIIS NIIII(IIIUI I,nlt(lrlll(lry, IIIIIltLI

w aIi\l~Ii (.I+~If III,’ 11,S. lh,l~llrtllwlil O( l~nrr~y
IN{IW m IIIr t“t)llrgc (II Willintll & MIIIy, \i~IllI;IIII\lIIII l!, VA,

The structure of MOTER, which stands for Morris’s
Optimized Tracing of Engc’s Rays, can lx seen in Figure 1. It
has N its kcmel an e?uly version of (hc code RAYTRACE[2]
developed al MIT by StanIcy Kowalski and Ha.raid Engc. Tha(
eodc lraccs a particle through an arrangemcm of external fields,
typically a systcm of magnets, by intcgraung the qutuions of
moticn of the particle through these fit!.ls. Although this
approach is cpu-intensive, it retains cffcm 10 all orders so thal
the accuracy is limited only by the models used in calculating
the cxtcmai fields,
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Figura 1. Srruclurc of MOTER -. an opimizcr packngc buill
sround ho RAYTRACE kernel,

Wrap@ around RAYTRACE is on oplimizcr packngc thnl
allows the user to formuhrlc onc or more merit functions for
(hc sysmm, each involving mul(iplc rlcmrrnrts, in rI wcry Ihnt
inChrdCSS4)flware Corrcclions Md trrrilc dctccior rcsohrlirm. A
random ray gcncra[or that includes rcnlisiic ;Ipcriures in all
op(icrrl clcmcnts allows M(?TER to work Iikc the progrnm
T(JR’11.E in calculnling [tic six-dill~cllsi~)ll:ll ncccptiIncc w IIIC
Oplirtil sys[cm, The.sc rrrndmrr ray>, which clwrcclly rcprcscnl
lhc phnsc spiscc 0( pm.iclcs ncluolly ucccp,cd, urc usul in Ihc
oplimizrrlion,

1[ is our plnn In ruylrnuc IIIC Cnl!rc I’ll A(.’ SySICIII frtm~ Iltc
CINI of IIIC I, AMI}I: lillii~ I() (III! foI:iII l)liIIIC (II’ 111~*\lKIUIJOIIICI(’:
min~ M()’I’I!R, III prc.l)ur:~llt)l~for IIIIS I:ISI( il W:IS I\(T(~~wIy
I() mfnlify tlI{’ cxislilll! vclsit)ll of IIIIJ t’~)(k,



1) To gcl more sfmd wc convertsxl it KSrun under rhc UNIX
operming system on a DECsu,tion 5000L?O0. This cut the
running time of jobs by a faclor of 10 comparccf 10 our

MicroVAX-lII.
2) Ncx[ wc cnirngcd the equations O( motion 10 handle
corrcc(!y panicles having finilc mass and wavcling at Icss than
[he velocity of light-
3) Then wc added an rfcmily clcmcnt 10 allow simulation of a
bunchcr irnd lhc Iirrac. Th~ fact dral a par-tick’s vclocily would
change because of acceleration induced another series of
changes.
4) To facilila(c lhc checking of our calculations with RAY-
TRACE, wc rcplaccd the subroutine packages cxisling in
MOTER for dipoles, quadrupolesdodeqcslcs, and rmangular
multipole correctors with tic corresponding software from the
Iatcsl version of RAYTRACE.
5) Since th~ new subroutines did not monitor for Ihc panicle

hitting an aperture, the approprirdc modifications were made [o

provide rhis ieahrre which is impo~nt [o [hc scleclion of rays
to trace.
6) Finally, a draft of a ncw users manual was complcmd since
he formal of some of IJ’Icinput fila was charrgtxl.

IV. SAMPLEAPPLICATIONOFMOTER

To check the efficacy of the updatd version of MOTER,
we used it to calculate the parameters for the magnets of the
high-rr Iution channel, Figure 2 shows the elements in this
charm! -- four dipoles ~) with edge ecmeaions, two quadru-
ple magnets (P) wilh multipole corrections and three reelarr-
gular multipole magnets (M). lle matching section prcading
this line was cmiued in this excreise since it can be appcndai
Inter. Tlis chrnnel is for pions with a cerrwal momentum of
1050 MeV/c and a momerm.rm spread of MI,75%.lliedesign
for Lhis channel has tc provide a dispersion of 25 c@/% and
has 10 pass 100n mm-mrad with a momcnlum resolution of

better lhan 1.Ox 10-’ and an angular resolution in the non-
binding pimc of less than 5 mrad.

Figuro 2. I,aym,rl of higtl rrw)lulif]ll chmIIIIcl, Ilcndillg is in

dIC VCII!CSII plmIc, A I,lntctling scc(i~)t) g[)cs alIcrId of [his line.

WIICII Slilr[illg (m ti IICW (lcsi~n, i( is I)cs[ I() work OU[ ilw

solu[ioil” irl i“irsi ot(kr wilt] ‘1’RANSI’OK’I mId IIICII progress I()
M(I”I’I!R, l~i}:urc 3 SIN)WS (IIC firs(-order cnvclopcs in x Imd y

Uh)llg will) II I)lt)( [)( IIIC sp; ui:lldislrcrsioll in IIlc Iwmlillg pl~lll
:]s :tllculmcd hy ‘1’I{ANSI’OR’1”, A disprrsi(m of nl)om 25
~mm/%w:ls nchic * ‘(l. ‘1111:oillicul (k’si[:ll ill [lit: Irtn(ling I)l:uw,
whi(’11 lI:Il)lMIIIS 111IN: lJIIy\I~;)lly ill Ihc v(’r[l(’;ll diwclioll, is

I)oilll l~)l)~)il)l 10 [W)illl [() 110111[, ‘1’llc 1)(’:1111 wi~llh ill lhc

dipoles is afmut +60 cm. In [hc non-bcrsdirrg plane r.trcop[ics

rcquiremcm is waist-(o-wnis(-[ o-wais[-to-waisl and lhc mrLxi-
mum h size is about +4 cm.
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Figure 3. Beam envelupcs and dispersion func[ion for the
high resolution spcclromctar. floxcs in Ihc upper graph show
lcalion of magnclic elemcms.

Using tie first-order parameters from the TRANSPORT
solution, we set up a run in MOTER [ooptimize the

momentum rcscslr.nion by adjusling the second OK er parameters
of tie system. Three parameter files are requireo to specify a
problem when optimization is involved. The .MAG file
specifics (1) Lheparameters for each element in the syswn, (2)
the rays 10 be used for tracing, and (3) miscellaneous olhcr
Pa.ramemrs to control priniing, etc. The .DMD frlc contains
tic meril functions to be oplimizcd, each compsed of one or
more dcmmds. The .OPT file comains paru.rncrers that allow
the user to tune the oplimizcr package for most cfficienl
operation, If raytmcing is all [him is desired, only Lhe ,Ni AG
file is required.

The merit functions thm wcnl imo lIIc .DMD file for [his
system are given in expressions (l)-(3). The first Iwo specify
tlml lhc tune in the non-bending plane should match Ihc first-
ordcr mmrix sd,rlion -- lhc wuist colxfi[ion, Expression (3)

Yfoc -0.73586 yin _0.37452 Y’in (1)

y’f~,c+ 1.22427 Yi[l- (].73586 Y’lll (2)

($in+ ilX((,~ + bX2[,,~ + Cy2(,,~+ COIIS[ (3)
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Ap/l);u isIhc inverse t}f [tic ~lispcrsion, M()’I’IIR Wils uskcd
10 find vtiliws f~w ~J,b, c :md c{~rs,rl wllil’h Illillilllioxl these
expressions ill il IC;IS[ Mllli)ltS S1:11:;(!WIWll SIIIIIIIINI f)vrr :111100”

l)illliCICS ill IIlt! dis[ril)u[i(m illl(! 10 rclllrll :1 lllSlo~l”illll rCplc-
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l)j)limi/41ioll, IIIC rlwll of whi(’h is slll)wll in ‘1’ill)l{’ 1,
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rcsoll’’ion dld no( mml spccifiahn, wc froze tlw smond order
paramcms and went on to drird order, The next Iinc shows an
improvement in rhc momentum dispersion but a dctcriomlion
in [hc angular resolution. At this ~inl wc lricd 41h and 51ir
order fits bul they did not seem to make any significant
cnhtmccmcnt in i5. But whal did work very WCII was a
simulmncous fit of 2nd and 3rd order pariimcmrs, a [oral of 27
variables. That run mom than achieved our LIrgel values.

Table 1

RCSUILSof MOTER Runs

Mom Rcs 5X104 Ang RN y’ mrad
HM

lstordcr 12.79 1.13
2rK10rdU 2.76 0.93
3rdorder 0.69 1.81

2JMIand3rd Ordw 0.55 0.45

To ensure Mat the optimization was no[ ti quirk of some
s~ific particle distribution generatd by a lucky choice of Lhe
seal, we mated 400 particles from each of three different
disrribut.ions through the system tuned to the oplim ized
solution. All thraM gave comparable values for 6 and y’.

Figure 4 shows a his[ogram of the momentum resolution
accumulated by racing 400 pat.riclcs through the optimized
syswrn. The corresponding histogram for the angular
resolution is shown in Figure 5. These histograms veri(y that
[he design goals were met and that there are no untoward tails
in (he distribution.
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Figure 4. Ilisltlgranl 0[ ItloIncIIIUIII rcsolulion,

“1’hcscrcsul[s :Iml [hose l’rolll olhcr lest cmcs m cvidcncc
[hu[ MO”l’llK survived [hc nmdirlculions idcn[i[iulciwlicr M(I

IIw[ Ihc currclll vcrsiwl is rcwly to Serve m n pl:ur’orm for
dcsi~pl s[lldics 1111(1fuflt,cr ittll~rtjv[:lllcllls, ‘1’lIc Iwxi sccliofl

mdiclm:s wh:l[ wc Iluvc ill Hlilkl in 111:1[I{:g;ml.
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Figu.rc 5. Hi~.ogram or angulu resolution.

V. PLANNEDIMPROVEMENTS

Wc will complete work on lhc cfivily clcmcnl and validate
it against Iinac calcuhuicns based on another code. As pan of
that effort we will modify the encoding of the demand terms so
IJMt time or phase difference can be specified in the merit
functions. Then in response to o[her users of MOTER we
will upgrade the separator elcmcm by installing [hc vcloci[y
selector submu[inc package from RAYTRACE,

Nex:. we pian to increase various Iimirs in the code, In
one re%.rrt insutncc, wc needed [o vary moic than the Iimi[ of
30 Pa.mmclers. In another si[ua[ion wc nccdcd to use more
demand terms in a mwit function than pcrmitkxl. l%c present
limit is 40, which allows for Ltaird-ordersoflwore corrections
but not fourth-order and wc have been found these ICI bc
impormrl for the spxrromelcr when it goes into saturalimr.
In order to allow bctlcr arcuracy, wc must also mist [hc
numlx.r of rays [hat can be handled above the presem linli[ of
4CN3.

Wc also wnnt 10 improve [hc accurticy of our fringe.field
mcrdcls, For [his work wc imcml m s[udy lhc fringe fields of
tlw Iargc-aperture magncm O( the spccwomctcr with a 3-D code

such as TOSCA. By comparilig field Cillculations from

TOSCA and from [he mod?ls used in KP. YTKACE, wc cxpccI
to glin insight inlo the [crnls [hill must be mklcd 10 improve
the fick! mcrctcls.

In summary wc nwc [hil[ MOTER is nlivc LInd WCII id is

being grucsmul10 play un illtlN)rlulll role in llIc dcsigti 01’ Ihc
PILA(; facility wrd in uny o[hrr dcsigll projc~[ Ih:I[ requires i[s

crrptibili[ics,
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